Objective: To evaluate 2 heel lancet devices in terms of pain response and success of the procedure in neonates undergoing the newborn screening test.
H
EEL LANCE is the traditional method for obtaining blood samples in neonates for the newborn screening test and most other hematologic and biochemical tests. It is recognized that this technique causes substantial pain. [1] [2] [3] Currently, the BD Safety-Flow lancet (SF) (Becton Dickinson Vacutainer Sytems, Franklin Lakes, NJ) ( Figure 1) is being used to perform heel lances in our institution. The SF is a partially retractable automatic lancet with a width of 1 mm and a depth of 2.2 mm. Recently, a fully retractable automatic lancet, the BD QuikHeel (QH) (Becton Dickinson Vacutainer Sytems) (Figure 2) , was designed for use during heel lance. Compared with the SF, the QH produces a wider but shallower incision (blade width is 2.5 mm and the depth is 1 mm). It is designed to reach the superficial dermal blood vessels while avoiding deep dermal pain fibers and therefore may cause less pain. In addition, the QH may reduce the risk of skin puncture and exposure to blood-borne pathogens for operators compared with the SF because of the fully retractable nature of its blade, and it may offer better visibility of the site location because of its tapered contact surface. On the basis of the superior design characteristics of the QH, we postulated that the use of the QH would lead to a reduction in infant pain and in the duration of the procedure.
The objectives of this trial were to compare the pain responses and success of the procedure (time for blood collection, number of punctures) in term neonates undergoing heel lance with the SF compared with the QH. 
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METHODS
This was a randomized, controlled trial conducted on the 10th level, mother-and-baby unit of a university-affiliated hospital. The study was approved by the local research ethics board, and informed parental consent was obtained for all participants. Healthy full-term neonates with a gestational age of 37 weeks or more and weighing 2500 g or more at birth, who were undergoing heel lance for the newborn screening blood test, were recruited. Neonates with congenital abnormalities and those exposed previously to a painful procedure other than the intramuscular administration of vitamin K (eg, infants of diabetic mothers requiring blood glucose monitoring) were excluded. By means of a computer-generated list, neonates were consecutively randomized to either the SF or the QH in blocks of 10.
The heel lance was performed in a standardized manner by the nurse responsible for the care of the infant on the day of the study, and 0.4 mL of blood was collected for the test. The heel lance consisted of 4 phases: baseline, cleaning the heel, heel lancing, and squeezing the heel (blood collection). Neonates were videotaped during the entire procedure. A research assistant blinded to the study hypotheses and group allocation subsequently made pain assessments from the videotapes. Pain was assessed by means of facial grimacing score and cry duration. The presence or absence of 3 facial actions (brow bulge, eyes squeezed shut, and nasolabial furrow) was scored in 2-second intervals for each phase of the procedure. The data were then collapsed for each facial action into the percentage of time the infant expressed the action. An overall pain score was then obtained by summing the percentage scores for the 3 facial actions and then dividing by 3. The score ranged from 0% to 100%. These 3 facial actions were chosen for the study, as they have been observed in 99% of neonates within 6 seconds of heel lance and are believed to be the most sensitive indicators of infant pain. 2 Cry duration was expressed in seconds. In addition, the duration of the procedure and the number of punctures required to collect the blood sample were recorded.
To achieve a clinically significant reduction in pain scores (20%) between groups, with 80% power and PϽ.05, we estimated a sample size of 35 neonates in each group. This sample size was based on the pain scores obtained from a previous study by our group. 4 A total of 80 neonates were enrolled to account for possible dropouts and missing data, such as video recording errors.
Demographic characteristics were compared between groups by means of 2 analysis for categorical data and unpaired t test for continuous data. Pain scores were compared between groups by means of the Mann-Whitney test. A PϽ.05 was considered significant.
RESULTS
Eighty neonates participated in the study; 40 were treated with the SF and 40 with the QH. The demographic characteristics of participating infants are shown in Table 1 . The median score (25th-75th percentile) for facial grimacing score during the first skin puncture was higher in the SF group than the QH group (100% [76%-100%] vs 73% [42%-100%]; P =.02). Neonates treated with the SF cried for significantly longer during the first skin puncture (6 seconds [0-9 seconds] vs 0 seconds [0-6 seconds]; P =.01) ( Table 2) . Pain scores during blood collection (ie, squeezing) did not differ between groups ( Table  2 ). Ninety percent of the neonates in the QH group received 1 puncture for blood collection compared with 53% for the SF group (PϽ.001) ( Table 3 ). 
COMMENT
This is the first study, to our knowledge, that compared 2 automatic heel lancet devices, one with a partially retractable blade (SF) and the other with a fully retractable blade (QH), for blood sampling in the newborn. In this study, the QH was superior to the SF. The QH was associated with less pain and a reduction in the blood collection time and number of repeat punctures. The median total duration of crying was reduced by 58 seconds (39%) and the time taken to obtain the blood sample was reduced by 75 seconds (35%) in the QH group. Heel lancing is the most common method of blood sampling in the newborn and causes intense pain. [1] [2] [3] There is accumulating evidence that untreated procedural pain in the newborn may lead to immediate and long-term consequences, including conditioning and hyperalgesia. [5] [6] [7] Thus, caregivers should work toward preventing or reducing pain in neonates. In recent reviews and consensus statements, the regular provision of analgesia and painpreventive strategies has been strongly recommended. [8] [9] [10] This study clearly demonstrated that the use of an alternative instrument (ie, the QH) for heel lancing can significantly reduce pain from this procedure.
Several studies have evaluated the effect of conventional manual lancets with automated devices on pain and distress, duration of the sampling time, and the amount of hemolysis. McIntosh et al 11 showed that springloaded lances (Autolet; Owen Mumford Ltd, Oxford, England) reduced pain and distress associated with heel lancing. In another study, Paes et al 12 showed that an automated incision device (Tenderfoot; International Technidyne Corporation, Edison, NJ) was associated with an increase in the amount of blood collected within a shorter period and a decrease in the incidence of hemolyzed sample in full-term neonates. Similarly, Vertanen et al 13 evaluated a manual lancet (Microlance; BectonDickinson, Meylan, France) and an automatic incision device (Tenderfoot) in preterm infants undergoing repeated heel lances for blood sampling. The automated incision device was associated with less bruising on the heel, ankle, and leg and decreased heel inflammation. The number of punctures to obtain a sufficient blood sample was also reduced. Kazmierczak et al 14 evaluated the extent of hemolysis by measuring the hemoglobin content in blood specimens collected with the Microlance or Tenderfoot and found that the use of the automated lance was associated with lower levels of hemoglobin. The extent of hemolysis in blood samples was not evaluated in our study.
Our study was not designed to evaluate nursing preferences for the 2 lancets. However, anecdotal comments were made by nurses that the QH was superior to the SF. In fact, before the data analysis, nurses requested a change in clinical practice from the SF to the QH. The approximate cost (in Canadian dollars) of an SF is $0.50 compared with $2 for the QH. In our study, 47% of neonates treated with the SF required more than 1 puncture to obtain a blood sample, as compared with only 10% of neonates in the QH group. Taking into consideration the cost of repeat punctures for each group, the additional cost per neonate to the health care system if the QH is used instead of the SF is $1.50. We believe that this additional cost is justified because of the reduced procedure time and reduced pain associated with it.
Our study population was limited to healthy fullterm infants. The effectiveness of this device in the preterm population is unknown. The QH device is available for use in the preterm population with a blade width of 1.75 mm and a depth of 0.85 mm; however, it has not been evaluated in a randomized controlled trial. Future studies that address the effectiveness and safety (ie, repeated use) of this device in different populations should be considered.
In conclusion, this study demonstrated that the BD QuikHeel lancet causes less pain and a shorter procedure than the BD Safety-Flow lancet in newborn infants undergoing the newborn screening test. On the basis of these results, our institution will now change to the BD Quikheel lancet for collection of blood in term neonates. 
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What This Study Adds
Heel lance, the conventional method of blood collection in newborns, is a very painful procedure. Previous studies have demonstrated that automatic lancets are better than manual lancets. This is the first study, to our knowledge, to compare 2 automatic heel lancet devices, one with a partially retractable blade and the other with a fully retractable blade, for blood sampling in the newborn. The fully retractable automatic lancet was associated with less pain, a reduction in sampling time, and fewer repeat punctures. On the basis of the results of the study, our institution is using the fully retractable automatic lancet for blood collection in term newborns.
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